Three new isoflavonoid glycosides (1, 5, and 9) and 10 known compounds (2-4, 6-8, and 10-13) were isolated from the underground parts of Iris florentina (Iridaceae). The structures of the new compounds were determined based on extensive spectroscopic data and the results of hydrolytic cleavage. The isolated compounds and the aglycones were evaluated for cytotoxic activity against HL-60 human promyelocytic leukemia cells. Compound 12 induced apoptotic cell death in the HL-60 cells.
The underground parts of I. florentina were extracted with MeOH. After removal of the solvent, the concentrated MeOH extract was passed through a porous-polymer polystyrene resin (Diaion HP-20 ® ) column and was successively eluted with 30% MeOH/H 2 O, 50% MeOH/H 2 O, 100% MeOH, EtOH, and EtOAc. The 100% MeOH-eluted fraction was subjected to column chromatography (CC) on silica gel and octadecylsilanized (ODS) silica gel, yielding 1-13. Compounds 2-4, 6-8, and 10-13 were identified as germanaism C (2) [5] , irigenin 7-O--D-glucopyranoside (3) [6] , irigenin (4) [7] , germanaism E (6) [5] , germanaism B (7) [6] , irilone 4'-O--D-glucopyranoside (8) [6] , germanaism A (10) [6] , irisxanthone (11) [8] , iriflophenone (12) [9] , and neomangiferin (13) [10] , based on their physical and spectroscopic data ( Figure 1 ). Compound 1 was isolated as an amorphous solid. HRMS-ESITOF showed an accurate [M + Na] + ion at m/z 707.1807, corresponding to the empirical molecular formula of C 30 H 36 O 18 , which was consistent with the 13 C NMR spectral data. The presence of conjugated aromatic rings was suggested by maxima at 330.5 nm (log  3.61) and 266.5 (log  4.48) in the UV spectrum of 1. The IR spectrum showed absorption bands for hydroxy groups at 3370 cm -1 and for an ,-unsaturated carbonyl group at 1651 cm -1 . The 1 H NMR spectrum contained signals for a downfield-shifted olefinic proton at δ H 8.24 (1H, s), which was assigned to H-2 of the isoflavone skeleton; a pair of m-coupled aromatic protons at δ H 7.34 (1H, d, J = 2.0 Hz) and 7.00 (1H, d, J = 2.0 Hz); an aromatic proton at δ H 7.15 (1H, s); and three methoxy groups at δ H 4.03, 3.93, and 3.87 (each 3H, s). In addition, signals for two anomeric protons were observed at δ H 5.77 (1H, d, J = 7.1 Hz) and 5.44 (1H, d, J = 7.8 Hz). The above data, together with a carbonyl carbon signal at δ C 181.4 in the 13 C NMR spectrum, indicated 1 to be an isoflavonoid diglycoside with three methoxy groups. Acid hydrolysis of 1 with 1 M HCl yielded an aglycone identified as irigenin (4) [11] and D-glucose. Identification of D-glucose, including its absolute configuration, was carried out by direct HPLC analysis of the hydrolysate using an optical rotation (OR) detector. Analysis of the 1 H-1 H COSY, HMQC, and HMBC spectra of 1 revealed that the sugar moiety of 1 was composed of a C-3 substituted -D-glucopyranosyl unit (Glc') [ H 5.77 (1H, d, J = 7.1 Hz);  C 101.6, 73.4, 87.9, 69.5, 78.7, and 62.2] and a terminal -Dglucopyranosyl unit (Glc'') [ H 5.44 (1H, d, J = 7.8 Hz);  C 105.7, 75.6, 78.3, 71.6, 78.9, and 62.5] (Table 1 ). In the HMBC spectrum of 1, long-range correlations were observed between the anomeric proton (H-1) of Glc'' at H 5.44 and C-3 of Glc' at C 87.9; and between H-1 of Glc at H 5.77 and C-7' of the aglycone at C 157.4. Thus, 1 was assigned as irigenin 13 C NMR spectral data. The 1 H NMR spectrum of 5 showed signals for an olefinic proton at  H 7.99 (1H, s), 1,4-disubstituted aromatic protons at δ H 7.67 (2H, d, J = 8.7 Hz) and 7.39 (1H, d, J = 8.7 Hz), an aromatic proton at δ H 6.77 (1H, s), a methylenedixoy group δ H 6.08 (2H, s), and a methoxy group at δ H 4.12 (3H, s). These signals were similar to those of germanaism B (7) . However, the molecular formula of 5 was higher than that of 7 by C 6 H 10 O 5 , and two anomeric protons were observed at δ H 5.60 (1H, d, J = 7.6 Hz) and 5.39 (1H, d, J = 7.8 Hz). Acid hydrolysis of 5 gave an aglycone identified as irisolone (5a) [11] and D-glucose. Thus, 5 was suggested to be an irisolone (5a) diglycoside. In the HMBC spectrum of 5, long-range correlations were observed between H-1 of Glc'' at H 5.39 and C-3 of Glc' at C 88.0; and between H-1 The isolated compounds and their aglycones (5a, 8a, and 9a) were evaluated for cytotoxic activity against HL-60 cells using a modified 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Compounds 7, 8, 8a, 9a, and 12 showed cytotoxicity against HL-60 cells with IC 50 values of 30.6, 31.7, 39.9, 36.2, and 21.5 M, respectively; etoposide and cisplatin used as positive controls gave IC 50 values of 0.20 and 1.17 M. Since 12 exhibited the most potent cytotoxic activity against HL-60 cells with an IC 50 value of 21.5 M, HL-60 cells treated with 12 (80 M) for 24 h were observed by fluorescence microscopy after being stained with 4',6-diamidino-2-phenylindole dihydrochloride (DAPI). The cells exposed to either 12 or etoposide (15 M) displayed nuclear chromatin condensation and apoptotic bodies ( Figure 2) . These morphological changes suggested that HL-60 cell death caused by 12 was partially mediated by the induction of apoptosis. Caspase-3 plays a crucial role in apoptotic signaling pathways and is the enzyme that executes apoptosis. Caspase-3 was activated when HL-60 cells were treated with 12 at 80 M for 16 h (Figure 3 ).
Experimental
General experimental procedures: ORs were measured using a JASCO P-1030 (Tokyo, Japan) automatic digital polarimeter. IR spectra were recorded on a JASCO FT-IR 620 spectrophotometer, UV spectra on a JASCO V-630 spectrophotometer, and NMR spectra on a Bruker DRX-500 (500 MHz for 1 H NMR, Karlsruhe, Germany) spectrometer using standard Bruker pulse programs. Chemical shifts are given as  values with reference to tetramethylsilane (TMS) as an internal standard. HRMS-ESITOF data were recorded on a Waters-Micromass LCT mass spectrometer (Manchester, U.K.). Diaion HP-20 (Mitsubishi Chemical, Tokyo, Japan), silica gel (Fuji Silysia Chemical, Aichi, Japan), and ODS silica gel (Nacalai Tesque, Kyoto, Japan) were used for CC. TLC was carried out on silica gel 60 F 254 (thickness: 0.25 mm; Merck, Darmstadt, Germany) and RP 18 F 254S plates (thickness: 0.25 mm; Merck), and compounds were visualized by spraying the plates with 10% aqueous H 2 SO 4 solution, followed by heating. HPLC was performed using a system composed of a DP-8020 pump (Tosoh, Tokyo, Japan), a Shodex OR-2 detector (Showa-Denko, Tokyo, Japan), and a Rheodyne injection port. HL-60 cells were obtained from the Human Science Research Resources Bank (JCRB 0085, Osaka, Japan). The following materials and reagents were used for cell culture assay: a 96-well flat-bottom plate (Iwaki Glass, Chiba, Japan); RPMI 1640 medium, etoposide, DAPI, and MTT (Sigma-Aldrich, St. Louis, MO); fetal bovine serum (Nichirei Biosciences, Tokyo, Japan); and penicillin G sodium salt and streptomycin sulfate (Gibco, Grand Island, NY). All other chemicals used were of biochemical reagent grade. Table 1 . 13 
Cell culture and assay for cytotoxic activity against HL-60 cells:
HL-60 cells were maintained in RPMI 1640 medium containing 10% heat-inactivated fetal bovine serum and antibiotics (100 units/mL penicillin G sodium salt and 100 g/mL streptomycin sulfate) in a 5% CO 2 humidified incubator at 37ºC. The cells were washed and resuspended in the medium to 4 × 10 4 cells/mL, and 196 L of this cell suspension was divided into 96-well flat-bottom plates. The cells were incubated in 5% CO 2 /air for 24 h at 37ºC. After incubation, 4 L of EtOH/H 2 O (1:1) solution containing the sample was added to give final concentrations of 0.1-80 M, and 4 L of EtOH/H 2 O (1:1) was added into control wells. The cells were further incubated for 72 h in the presence of each agent, and then cell growth was evaluated by a modified MTT reduction assay [14] . At the end of incubation, 10 L of 5 mg/mL MTT in phosphate-buffered saline was added to each well and the plate was further incubated in 5% CO 2 /air for 4 h at 37ºC. Then the plate was centrifuged at 1500g for 5 min to precipitate MTT formazan. A 150 L aliquot of supernatant was removed from each well, and 175 L of dimethylsulfoxide (DMSO) was added to each aliquot to dissolve the MTT formazan crystals. The plate was mixed on a microplate mixer for 10 min, and then read on a microplate reader (Spectra Classic, Tecan, Salzburg, Austria) at 550 nm. Each assay was conducted in triplicate and cytotoxicity was expressed as IC 50 , which is the concentration that reduces the viable cell number by 50%.
Assay for caspase-3 activation:
The activity of caspase-3 was measured by using a commercially available kit (Appocyto Caspase-3 Colorimetric Assay Kit, MBL, Aichi, Japan). HL-60 cells (2 × 10 6 ) were treated with 80 M of 12 and 15 M of etoposide for 16 h, and the cells were centrifuged and collected. Cell pellets were suspended in 60 L of ice-cold cell lysis buffer, and incubated on ice for 10 min. This cell pellet suspension was centrifuged at 10,000g for 5 min and the supernatant was collected. The cell lysate (50 L, equivalent to 200 g protein) was mixed with reaction buffer (2 × 50 L) containing the substrates for caspase-3 [DEVD-pNA (p-nitroanilide)]. After incubation for 2 h at 37ºC, the absorbance at 405 nm of the liberated chromophore pNA was measured using a microplate reader. The activity of caspase-3 was evaluated in triplicate.
Statistical analysis:
For statistical analysis, one-way analysis of variance followed by Dunnett's test was performed. A probability (p) value of less than 0.05 was considered to represent a statistically significant difference.
